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FOREWORD 
This report provides a summary of the activities of the Power Affiliates Program (PAP) in the 
Department of Electrical and Computer Engineering at the University of Illinois for the calendar 
year 1995. The information is intended to be a progress report to the affiliate companies listed 
below. The PAP is the foundation of the industrial liaison effort in the power and energy 
systems area. There are fourteen active affiliates associated with the PAP. They are: 
Amoco Oil Company 
Burns & McDonnell 
Central Illinois Light Company 
Central Illinois Public Service Company 
Commonwealth Edison Company 
Electrical Manufacturing & Coil Winding Association, Inc. 
Illinois Power Company 
Iowa-Illinois Gas & Electric Company 
PSI Energy 
S&C Electric Company 
Sargent & Lundy 
Springfield City Water, Light & Power 
Union Electric Company 
Wisconsin Power & Light Company 
1995 was an active year for the PAP and the highlights are covered in this report. We 
acknowledge the valuable support of the Affiliates and are most thankful to these companies for 
their continued support. 
Ill 
George Gross 
Stan Helm 
Phil Krein 
Tom Overbye 
M.A. Pai 
Pete Sauer 
Bob Turnbull 
1. INTRODUCTION AND SUMMARY 
The Power Affiliates Program was initiated in January 1979 as part of a major effort to 
strengthen the power and energy systems area. The original objectives were to 
• bring focus to the power and energy systems area; 
• provide financial assistance to students studying electric power engineering; 
• increase university-industrial interaction at all levels of education and research in electric 
power engineering. 
The program is described in considerable detail in Reference [1]. 
Throughout the past seventeen years, the Power Affiliates Program has maintained a stable 
base during times of rapid change. This base provided the seed money for research which led 
to additional funding by other sources. This base has also made it possible for students to be 
exposed to industrial problems and to participate in technical and professional meetings. With 
the cyclical nature of funding by government agencies, the Power Affiliates Program is a crucial 
source of support. 
This annual report is organized as follows. A financial statement for the calendar year 1995 
is given in Section 2. Section 3 describes how the power program fits into the departmental 
structure. There is no official degree or option associated with the power program, but there is 
a significant specialization in this area by a group of faculty members and courses. Section 4 
gives a brief description of the courses specializing in electric power and the latest enrollment 
figures. Included in this section is a historical record of the number of graduates who have taken 
three or more of these courses. The record shows that student interest has been maintained and 
even broadened in recent years. Section 5 lists the activities of both the students and faculty 
members during the 1995 calendar year. Section 6 provides a brief summary of research 
projects that are funded by other sources. Section 7 gives information about the graduate 
students in the power area. In addition to personal data and interests, each student has written 
a brief abstract of his/her research work. Since 1987, the power faculty members have focused 
on enhancing the laboratory aspects of the curriculum 13.nd research efforts. The Grainger 
Foundation has funded three major laboratories ranging from electric machinery to power 
engineering software. These facilities are discussed in Section 8. 
2. Fl NANCIAL STATEMENT 
The following tabulation of income and expenditures for the calendar year 1995 was 
prepared from a detailed University statement as of December 31, 1995, Reference [2] . 
Income carried over from the calendar year 1994 
Total income during calendar year 1995 
Total available income during calendar year 1995 
Expenditure Category 
Personnel and Services 
Materials/Supplies/Equipment 
Transportation 
Total 
Summary 
Amount available during calendar year 1995 
Amount expended during calendar year 1995 
Balance as of December 31, 1995 
2 
$19,824 
$42,593 
$62,417 
Expenditure Amount 
$35,049 
$10,668 
$10,438 
$56,155 
$62,417 
-$56,155 
$ 6,262 
3. THE POWER PROGRAM WITHIN THE DEPARTMENT 
Electrical engineering students are required to complete 128 hours of course work for a 
B.S.E.E. degree. Detailed descriptions of the undergraduate program and suggested curriculum 
in Power are given in Reference [3]. All M.S. E. E. students are required to complete a minimum 
of 8 units (32 credit hours) and complete a graduate thesis. All Ph.D. students must qualify 
through a written examination and complete course and thesis requirements. A detailed 
description of the graduate program is given in Reference [4]. 
The Electrical and Computer Engineering Department is subdivided into eight distinct 
technical areas as follows: 
Bioengineering and Acoustics 
Circuits and Signal Processing 
Communication and Control 
Computational Science and Engineering 
Computer Engineering 
Electromagnetics, Optics and Remote Sensing 
Microelectronics and Quantum Electronics 
Power and Energy Systems 
While the Department does not have official degree-granting options in each of these areas, in 
practice, the eight areas serve as the appropriate grouping of the faculty activities and interest 
In terms of size, the Power and Energy Systems area represents about 7% of the total active 
faculty and about 12% of the total student enrollment. The faculty committee in each area has 
the responsibility for administering courses and research in that area within the Department. 
The Power and Energy Systems Area Committee and associated faculty for the 1995 - 1996 
academic year together with their general interests are 
G. Gross (Power System Economics, Planning and Operations; Public Utility 
Regulatory Policy; Utility Restructuring) 
M. S. Helm, Emeritus (Power System Analysis) 
P. T. Krein 
T. J. Overbye 
M.A. Pai 
P. W. Sauer 
R. j. Turnbull 
(Power Electronics, Machines, Electrostatics) 
(Dynamics, Stability and Operations of Power Systems) 
(Dynamics, Stability and Computational Methods in Power Systems) 
(Modeling and Simulation of Machines and Power Systems) 
(Energy and Conversion Technology, Sensors) 
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A detailed summary of each faculty member's research activities is given in Reference [5]. 
Two of the primary responsibilities of the Power and Energy Systems Area Committee are to 
update and staff the courses assigned to the Power and Energy Systems Area. In 1995-1996 
those courses were: 
ECE270 
ECE330 
ECE333 
ECE336 
ECE364 
ECE369 
ECE371GG 
ECE371SUN 
ECE376 
ECE378 
ECE452 
ECE468 
ECE473 
ECE476 
ECE490 
ECE497GG 
Introduction to Circuit Analysis (Joint responsibility) 
Electromechanics 
Electric Machinery 
Advanced Electromechanical Energy Conversion 
Power Electronics 
Power Electronics Laboratory 
Techniques for Engineering Decisions 
Solar Powered Vehicle 
Power System Analysis I 
Power System Analysis II 
Computer Methods in Electric Network Analysis (Joint responsibility) 
Modeling and Control of Electromechanical Systems 
Operation and Control of Power Systems 
Dynamics and Stability of Power Systems 
Power and Energy Systems Area Seminar 
Electric Resources Planning 
The three-hundred level courses are advanced undergraduate or beginning graduate courses, 
while the four-hundred level courses are graduate. Of these courses, ECE336, ECE476, and 
ECE497GG were not taught during the 1995-1996 academic year. The Power and Energy 
Systems Area Committee continuously evaluates each course outline for possible revision in 
future semesters. A brief description of each of these courses, together with the enrollment of 
the past year, are included in the next section. In addition, Power Area faculty are active in 
ECE345, Design Projects. This is the capstone design course for our seniors. 
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4. COURSES AND ENROLLMENT 
As one of eight major areas in Electrical and Computer Engineering, the Power and Energy 
Systems Area is responsible for a considerable number of courses. The current courses assigned 
to the power area are described briefly below. The total annual enrollment for the 1995-1996 
academic year is also given for each course. 
ECE270 Introduction to Circuit Analysis (Primary responsibility for this course is assigned to the 
circuits and signal processing area committee.) 
ECE270 is the first course that all electrical engineering students must take after their math, 
physics and computer science requirements are completed. The course introduces elementary 
signal waveforms, electrical component models, and basic principles of circuit analysis including 
d-e, transient and sinusoidal steady-state analyses. The topical outline includes resistance, 
inductance, capacitance and source elements, Kirchhoff's laws, node and mesh equations, matrix 
methods, Thevenin and Norton equivalents, controlled sources, operational amplifiers, transient 
switching d-e analysis, impedance and transfer functions for steady state, frequency response, 
Bode plots, filters, mutual inductance, transformers and basic three-phase circuits. The 
recommended text was Electric Circuits, 4th edition by J. W. Nilsson. The total enrollment for 
academic year 1995-1996 was 662. 
ECE330 Electromechanics 
ECE330 is an introductory course in electromechanics, presenting both the electric and magnetic 
quasi-static fields for analysis of energy conversion devices. The origin of forces and torques, 
together with the full mechanical dynamics of Newton's Second Law (NSL), are discussed. The 
concepts of flux linkage, energy, co-energy and the resulting induced voltages are presented for 
their inclusion in Kirchhoff's Voltage Law (KVL). Conservation of power and energy is 
emphasized in energy balance analysis. An introduction to rotating machines is included with 
illustrative examples. Particular emphasis is given to the interaction between the electrical 
system (KVL) and the mechanical system (NSL). The supplemental text was Electromechanical 
Dynamics, Part 1: Discrete Systems by H. H. Woodson and J. R. Melcher, with required notes 
by M. A. Pai. The total enrollment for the academic year 1995-1996 was 130. 
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ECE333 Electric Machinery 
This four-hour course contains a laboratory one credit hour component which is an elective in 
a list of 14 from which students select two. The fifteen experiments typically include power 
measurement, power factor correction, transformer characteristics, three-phase transformer 
connections, induction motor tests, induction motor torque-speed characteristics, synchronous 
machine tests, synchronous machine power characteristics, digital simulation of machine 
dynamics, motor control, and a written plus oral project presentation on power and energy 
system topics. The required text was Basic Electric Machines by DelToro. The total enrollment 
for the academic year 1995-1996 was 27. 
ECE336 Advanced Electromechanical Energy Conversion 
This three-hour course contains advanced theory and analysis of rotating and linear machines 
and drives. It includes power electronic drives for de and ac motors. The analysis uses d-q 
transformations and related techniques. Emphasis is placed on the time scale modeling of 
electromechanical devices and on their function in drives. Class notes are used. The course was 
not offered during the academic year 1995-1996. 
ECE364 Power Electronics 
This three-hour course is a comprehensive treatment of switching power conversion systems and 
the devices used to build them. Concepts of switch control are developed from general 
switching functions. Phase control, pulse width modulation, and phase modulation are studied 
for applications in all types of converters. Converter topologies are introduced along with design 
concepts for power filters and interfaces. Devices such as diodes, thyristors, bipolar transistors, 
field effect transistors, capacitors, and magnetic components are examined in the context of high-
power switching applications. The recommended text was Principles of Power Electronics by 
Kassakian, Schlecht and Verghese. The enrollment for academic year 1995-1996 was 50. The 
course has been produced on videotape. 
ECE369 Power Electronics Laboratory 
This two-hour course is a laboratory study of circuits and devices used for switching power 
converters, solid-state motor drives, and power controllers, including de-de, ac-dc, and dc-ac 
converters and applications. It includes high-power measurements for silicon-controlled 
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rectifiers, diodes, capacitors, power transistors and magnetic components. The course is 
designed to accompany ECE364. A lab manual by P. Krein is available for the course. The total 
enrollment for the academic year 1995-1996 was 22. 
ECE371 GG Techniques for Engineering Decisions 
This course is aimed at providing the skills and techniques for solving some typical problems 
faced in making engineering decisions in industry and government. The focus is on analytic 
schemes and systematic methodologies for making decisions with explicit consideration of the 
economic aspects. The course topics include time value of money, selection of alternatives, 
scheduling and inventory analysis and decision making under uncertainty. Several test cases will 
be covered. The required texts were: Modern Engineering Economy, 1993 edition, by D. Young 
and Operations Research, Principles and Practice, 1992 edition, by A. Ravindran, D. Phi II ips, 
and S. Solberg. The total enrollment for the academic year 1995-1996 was 36. 
ECE371 SUN/ME393 DRW Advanced Electric Vehicles (Solar Powered Vehicle) 
During 1994, a new project to initiate the design of a solar-powered vehicle was the focus of 
the course. This is a project oriented course which involves the design and construction of a 
solar power car. On the electrical side there is an array of solar cells, a d-e to d-e connected to 
charge batteries, and an electrical drive system including an induction motor. The course 
enrollment during the 1995-1996 academic year was 96. 
ECE376 Power System Analysis I 
This three-hour course is the first of two courses on power system analysis. Topics included are 
transmission line parameter calculations, equivalent circuits, network analysis, load flow, fault 
analysis, symmetrical components, unsymmetrical fault analysis, and introduction to economic 
dispatch. The course is designed to be a stand-alone introduction to the fundamentals of power 
system analysis and provide the basis for all subsequent courses in the power system analysis. 
The required text in the academic year 1995-1996 was Power System Analysis by Grainger and 
Stevenson. This course was also offered to off-campus working engineers by videotape. The 
enrollment was 27 on campus. 
7 
ECE378 Power System Analysis II 
This three-hour course is the second of two courses on power system analysis. Topics included 
are economic operation of power systems, optimal load flow concepts, automatic generation 
control, state estimation, classical transient stability, modeling for dynamic and transient stability, 
and d-e transmission. The required text was Power Generation, Operation and Control, 2nd 
edition, by Wood and Wollenberg. The enrollment was 16. 
Graduate Courses: 
ECE452 Computer Methods in Electric Circuit Analysis (Primary responsibility for this course is 
assigned to the circuits and signal processing area committee.) 
ECE452 is a graduate course designed for both electric power and electronic students. The 
course presents the fundamental computer algorithms uti I ized to analyze scale circuits. 
Applications in both electronic circuit design and power system analysis are given. The 
following topics are presented: Network topology and circuit equations, branch constraints and 
problem formulation, solution of sparse linear algebraic equations, solution of nonlinear algebraic 
equations, power and electronic system applications, solution of piecewise linear algebraic 
equations, explicit and implicit numerical integration methods, transient analysis of power and 
electronic circuits, sensitivity analysis and decomposition. No text was required, class notes were 
used. The total enrollment for the academic year 1995-1996 was 26. 
ECE468 Advanced Modeling and Control of Electromechanical Systems 
This course addresses issues of electrical drives in a modern control and circuit framework. 
Dynamic models of electric machines are presented. There is special emphasis on field-oriented 
control methods for ac motors. Power electronic systems for high-performance drives are 
studied. Nonlinear system methods such as periodic transformations, averaging, geometric 
control, and feedback linearization are presented. Special topics covered include electrostatic 
micromachines and permanent magnet machines. Internal notes by P. Krein are available for 
the course. The course enrollment during the academic year 1995-1996 was 12. The course 
has been produced on video tape. 
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ECE473 Operation and Control of Power Systems 
The course includes energy control center functions, power system operating states, supervisory 
control and data acquisition, state estimation, on-line load flow, security assessment, economic 
dispatch, automatic generation control, optimal power flow, security constrained economic 
dispatch, multistage rescheduling and equivalents. The course was not offered during the 1995-
1996 academic year. 
ECE476 Dynamics and Stability of Power Systems 
The course includes the dynamic representation of interconnected power systems- electrical plus 
mechanical, linearized dynamic models of multimachine systems, methods of coherency 
identification, order reduction by singular perturbation, time scale decomposition and 
aggregation techniques, dynamic equivalents, direct methods of stability analysis and power 
system stabi I izer design. The current course text is a set of notes prepared by P. W. Sauer and 
M. A. Pai. This course is available on video tape. The course was not offered during 1995-
1996. 
ECE490 Power and Energy Systems Area Seminar 
This course is a graduate seminar on advanced topics of current interest. Both faculty and 
students participate by presenting either current research results or topics of interest in journal 
publications. Guest speakers from industry and other universities are also scheduled periodically 
throughout the semester. The enrollment for 1995-1996 was 31. 
ECE497GG Electric Resources Planning 
This course provides coverage of the basic techniques in electric utility resource planning 
including methodologies for reliability evaluation and assessment, production costing, marginal 
costing, supply-side and demand-side planning and integrated resource planning. Throughout 
the course, probabilistic approaches are emphasized. In place of a text, notes specifically 
prepared by George Gross are used. The course is being offered once every two years and was 
given in the Fall 1995. 
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NUMBER OF ELECTRIC POWER AND ENERGY SYSTEM AREA GRADUATES 
FOR RECENT YEARS 
1950-1970 Annual Average Power Area Graduates 
B.S.E.E. 25 
M.S.E.E. 3 
1970-1980 Annual Average Power Area Graduates 
B.S.E.E. 44 
M.S.E.E. 7 
1980-1985 Annual Average Power Area Graduates 
B.S.E.E. 30 
M.S.E.E. 5 
Ph.D. 2 
1985-1992 Annual Average Power Area Graduates 
B.S.E.E. 35 
M.S.E.E. 6 
Ph.D. 2 
1992-1993 Power Area Graduates 
B.S.E.E. 37 
M.S.E.E. 7 
Ph.D. 2 
1993-1994 Power Area Graduates 
B.S.E.E. 51 
M.S.E.E. 6 
Ph.D. 
1994-1995 Power Area Graduates 
B.S.E.E. 35 
M.S.E.E. 8 
Ph.D. 2 
1 99 5-1 996 Power Area Graduates 
B.S.E.E. 45 
M.S.E.E. 8 
Ph.D. 
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5. ACTIVITIES 
The faculty and students in the Power and Energy Systems Area participated in a considerable 
number of special activities during calendar year 1995. The major events are listed below: 
• IEEE Power Engineering Society Winter Meeting 
Tom Overbye presented a paper on Voltage Collapse and attended committee meetings. 
Pete Sauer chaired the working group on Dynamic Security Assessment. 
George Gross chaired the Computer and Analytical Methods Subcommittee meeting. 
Stan Helm participated in committee meetings. 
• Sargent and Lundy Faculty Engineering Conference 
Stan Helm and Pete Sauer attended. 
• ECE333 and ECE378 student class trip to the Springfield City Water, Light and Power 
generating station and engineering offices. 
ECE376 students took a trip to the Illinois Power Company's Urbana substation. 
• Engineering Open House 
ECE333 students presented machinery demonstrations. 
• American Power Conference 
Stan Helm coordinated the Ul participation in the sponsored student, sponsored faculty 
program. 
Eleven students and faculty sponsored by Central Illinois Public Service Co., 
Commonwealth Edison Co., Doyen & Associates, Illinois Power Co., Sargent & Lundy, 
Union Electric, Wisconsin Power and Light. 
George Gross, Stan Helm, Tom Overbye and Pete Sauer attended. 
• 1995 University of Illinois Undergraduate Research Symposium 
Pete Sauer participated with Susan Zhao in presenting a paper on phasor representation 
in power systems. 
• IEEE Power Electronic Specialists Conference 
Phil Krein chaired the Publications Committee, and served on the Power Electronics 
Society Ad Com. 
Phil Krein presented a plenary paper on noise issues. 
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• IEEE Power Engineering Society Summer Meeting 
Pete Sauer chaired the working group on Dynamic Security Assessment. 
George Gross chaired the Computer and Analytic Methods Subcommittee meeting. 
Stan Helm attended committee meetings. 
Tom Overbye attended committee meetings. 
Pete Sauer chaired the Research Subcommittee meeting. 
• IEEE Control Systems Society 
M.A. Pai organized an invited session on voltage stability at the Conference on Control 
Applications in Albany, NY, Sept. 1995. 
Tom Overbye presented a paper on power system voltage stabi I ity at the Conference on 
Control Applications in Albany, NY, Sept. 1995. 
• NSF/DOE workshop on innovative power engineering education 
Pete Sauer organized the workshop and participated. 
• North American Power Symposium (NAPS) 
Mark Laufenberg presented a paper co-authored with M. A. Pai. 
Ray Klump presented a paper on power system voltage stability. 
C. D. Vournas presented a paper co-authored with M. A. Pai and A. N. Michel and 
H.- Hye of the University of Notre Dame. 
• IEEE Industry Applications Society Annual Meeting 
Bob Turnbull became Chair of the Electrostatic Processes Committee. 
Phil Krein and Bob Turnbull participated in committee meetings. 
Phil Krein presented a paper on electrostatic discharge issues in electric cars. 
• 1995 Electrical Manufacturers and Coil Winding Association and Conference Exposition 
Pete Sauer and 10 undergrads participated. 
• Wheeling and Dealing: Electric Transmission in the 1990's Conference, Chicago, IL 
George Gross was the co-organizer of this national conference on regulatory issues in 
electricity. 
• Hosted the following guest speakers: 
Tom Wiedman, Commonwealth Edison Company, "Future Trends in Protective Relaying" 
V. C. Ramesh, Illinois Institute of Technology, "A Parallel Asynchronous Decomposition 
for On-Line Contingency Planning" 
Costas Vournas, National Technological University, Athens, Greece, "Hopf Bifurcation 
in Power Systems" 
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R. T. Dyer, Wholesale Power Services, Inc., "The New Face of Power Marketing" 
Ronald Rogers, Tennessee Valley Authority, Chattanooga, TN, "Emergency Preparedness-
The Ice Storm of 1994" 
Linda Manning, Commonwealth Edison Company, "The Future Electric Utility" 
Dr. Benjamin Hobbs, Case Western Reserve University, "A Bounding Approach to Multi-
Area Probabilistic Production Costing" 
Prof. Bernard Lesieutre, Massachusetts Institute of Technology, "A Study of State Variable 
Participation in Nonlinear Limit-Cycle Behavior" 
Charles R. Sullivan, U.C. Berkeley, "Microfabricated Magnetic Components for High 
Frequency Power Conversion" 
David M. Grice, Sandia National Labs, Albuquerque, NM, "The Power Electronics 
Program at Sandia National Laboratory" 
Douglas E. Criner, Burns and McDonnell, Westmont, IL, "Opportunities in the U.S. 
Electric Power Industry: A Consulting Engineer's Perspective. 
Arvind Chaudhary, S&L, Chicago, IL, "Modeling of Protection Systems in EMTP" 
Dr. Allan R. Hoffman, U.S. Department of Energy, "Renewable Resources - A Status 
Report" 
Derek Porter, ENTEC Consulting Inc., "Engineering Opportunities Created by the 
Deregulation of Electric Uti I ities" 
judith AI masque, Central Illinois Public Service, "Environmental Compliance Strategy for 
Thermal Generating Plants" 
jayant Sarlakshar, University of Wisconsin-Madison, "Circuit Based Lyapunov Functions 
for Power Systems with Detailed Models" 
Gerald B. Sheble, Iowa State University, "Price Based Operation in an Auction Market 
Structure" 
• Participated in multi-university seminar exchange over the internet for the following seminars: 
Dr. Zimmerman, Cornell University, "Comprehensive Distribution Power Flow: 
Modeling, Formulation, Solution Algorithms and Analysis" 
Burak Tombuloglu, University of Illinois, "Can Electric Utilities Become 
Telecommunications Providers?" 
Prof. lan Dobson, University of Wisconsin, "Approaches To Stability Analysis In Thyristor 
Switching Circuits" 
Pablo Spiller, University of California at Berkeley, "The Organization and Performance 
of the Electricity Market in Chile: A Critical Assessment" 
• Presented the following internal seminars: 
M. A. Pai, "Sensitivity Analysis in Power System Dynamics" 
Bob Reppa, "The University of Illinois "Sunchief" Solar Vehicle" 
Anat Shimony, "A Mathematical Model and Simulation of Magnetic Fields in a 
Residence" 
Stephen Fernandes, "Real-Time Control of Power System Oscillations Using Eigenvalue 
Sensitivity Analysis" 
Prof. N. Sri Namachchivaya, "Some Aspects of Chaotic and Stochastic Dynamics in 
Mechanical Systems" 
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Mark Laufenberg, "Dynamic Sensitivity Functions and the Stability of Power Systems with 
FACTS Devices" 
• Edison Electric Institute Power System Planning and Operations School 
G. Gross is co-director of this school given at UIUC and U.C., Berkeley, twice a year. 
Tom Overbye gave presentations on the basics of power system operation. 
• M.A. Pai is on the Editorial Board of 'Sadhana' journal of Engineering Sciences of the Indian 
Academy of Sciences, Bangalore, India. 
• Profs. K. R. Padiyar and D. P. Sen Gupta visited the University of Illinois for three weeks 
under the Indo-US NSF cooperative science program. They gave lectures on subsynchronous 
resonance and power system stabi I izers. 
• R. j. Turnbull is the chairman of the Electrostatic Processes Committee of the IEEE Industry 
Applications Society. 
• R. j. Turnbull and Philip Krein accompanied a group of students participating in the Sunrayce 
95, a race of solar power cars. 
• The solar power car was taken to a number of industries and meetings. Talks were given by 
the participating students. 
• Tom Overbye and George Gross gave a presentation on the basics of power system 
operation to the Illinois Commerce Commission, Feb. 1995. 
• Tom Overbye and George Gross gave a presentation on the basics of power system 
operation to the U.S. Federal Energy Regulatory Commission (FERC). 
• PSERC conference on Technological Foundations for Customer Choice in the Electric Power 
Industry, june 1-2, 1995. 
Tom Overbye presented a paper on "System Simulation Analysis in Evaluating Policy 
Options." 
Pete Sauer participated on a panel session entitled "Policy Decisions Arising from the 
Customer Choice Vision." 
Pete Sauer ·presented a paper on "Quantification of Operating Limits in Power Systems: 
Frontiers of System Security Analysis Methods and Tools." 
George Gross presented a paper on "Generation Adequacy and Transmission Reliability 
Issues In Competitive Choice in the Electric Power Industry." 
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6. RESEARCH FUNDED BY OTHER SOURCES 
The Power Affiliates Program is a source of seed money which enables the faculty to obtain 
support from major funding agencies. The following pages summarize the projects which have 
been made possible through this growth. 
Structures for Coordination in Power Systems 
G. Gross 
Grainger Foundation; Power Affiliates Program 
Power pooling among electric utility companies aims at effectively harnessing operating 
economics and reliability benefits through coordinated interchange of power, energy, and related 
services. In the existing utility industry structure, the operation of power pools brings about the 
necessary level of coordination to maintain the integrity of large interconnections. Under the 
changing utility industry structure and with increasing competition the continued operation of 
such pools becomes more problematic. This project examines the structures of existing and 
proposed power pools. It aims at constructing analytical frameworks for such coordinated 
operations. In addition, the work will explore the minimal requirements for coordination to 
maintain system reliability and security. The frameworks will be used to assess the economic 
efficiency of pooling. 
Multiarea Power System Production Costing 
G. Gross 
Grainger Foundation; Power Affiliates Program 
The most challenging aspects of multiarea studies are to model realistically the loads and 
resources in each area and to construct computationally efficient schemes for their simulation. 
Typical applications are to interchange contract evaluation, geographically differentiated marginal 
costing studies, transmission service pricing, and strategic and resource planning. The multiarea 
production cost simulation model must correctly take into account the impact of transmission 
constraints as well as interconnection operating policies. Our objective is to build a general 
model to simulate the operation of multiarea power systems under various operating policies, 
ranging from totally centralized dispatch to decentralized bidding dispatch. The work involves 
the application of probabilistic models, the use of stochastic analysis, optimization, and the 
construction of effective data structures to develop tractable computation schemes. 
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Optimal Bidding Strategies in Competitive Electricity Markets 
G. Gross, Shu Tao 
Grainger Foundation; Power affiliates Program 
We have developed a general framework for the analysis of competitive electricity markets 
modeled after the Power Pool of the England and Wales electric supply industry. Under the 
assumption of perfect competition, we derived the formulation of optimal bidding strategies. 
Using this framework and the analytical results to date, we are investigating the consideration 
of demand-side bidding in the electricity markets. Strategies for maximizing profits of demand-
side bidders will be formulated. A second area of investigation is the relaxation of the perfect 
competition assumption and the study of market power concentration in the hands of a few 
players. The application of games theoretic tools will be explored. A third area is the 
incorporation of financial contracts into the strategies of bidders. In addition, this research will 
investigate the incorporation of transmission considerations and constraints in the electricity 
markets. 
Transmission Service Information Network (TSIN): Information and Architecture Aspects 
G. Gross, B. Tombuloglu 
Grainger Foundation; Power Affiliates Program 
The Federal Energy Regulatory Commission (FERC) has issued a Notice of Proposed Rulemaking 
mandating the establishment of real-time information networks by electric utilities. Soon electric 
utilities will be required to implement such networks giving all. transmission customers equal 
access to all information on the availability of transmission capacity. These transmission service 
information networks (TSINS) will be required to convey large quantities of data among multiple 
users and to do so very reliably. The goal of this work is to analyze the system requirements of 
a TSIN and how an electric utility may build such a network, interface it with the networks of 
other utilities, and cooperate with other carriers to provide commercial telecommunication 
services. Economic and regulatory issues are being explored as well as the technical details of 
building such a network. Specifically we will examine the TSIN system requirements. First, by 
determining the information requirements of the system, we may decide the amount of 
transmission capacity the TSIN will require. Also, by examining the number and location of 
users, we may determine the topology and architecture necessary for adequate operation. We 
will also examine what the role that TSIN development may play in preparing electric utilities 
to be active participants in the proposed National Information Infrastructure or "Information 
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Superhighway." Electric utilities are uniquely situated as players in the Nil by virtue of their 
existing right of the way as well as their extensive telecommunication networks and expertise. 
Evaluation of the Automated Interchange Matching System (AIMS) 
G. Gross, N. Mwase 
Grainger Foundation; Power Affiliates Program 
AIMS (Automated Interchange Matching System) is a computerized hourly interchange matching 
system whose goal is to promote the maximum economic savings among all the participating 
players. This is accomplished by matching bids to sell and offers to buy so that the sum of the 
savings for all the participants is maximized. We are evaluating the matching scheme from the 
points of view of the system, of a buyer and of a seller. Our interest is to analyze the behavior 
of sellers and buyers under AIMS. In particular, we are studying the strategic behavior of players 
in formulation of their bids to sell and offers to buy. We are investigating the truth revelation 
characteristics of the bids/offers, the role of transmission availability and the overall impact on 
system operations. We are using both simulation and developing analytical schemes to perform 
the evaluation. 
Determination of Transmission Transfer Capacity 
G. Gross, Y. Tian 
Grainger Foundation; Power Affiliates Program 
As the restructuring of the electric utility industry is proceeding, the changes in the transmission 
arena are some of the most complex and present the greatest challenges. In a restructured 
environment, consumers will eventually choose providers of electrical energy. As a 
consequence, there will be greater utilization of the transmission system with a much higher 
level of power flowing through the power grid. This, in turn, brings about the need to quantify 
the amount of transmission service that a network can provide. The drive for unbundling of 
electricity services will entail the determination of information that had to be explicitly 
computed. A particular requirement is the formulation of meaningful indices for measuring the 
amount of real power that can be transmitted from one node to another. Under the regulatory 
regime of the Federal Energy Regulatory Commission, the comparability rule makes accurate 
evaluation of the grid's transmission transfer capability, as well as the sharing of that information 
among all parties involved, a uniform requirement for all transmission providers. Currently, there 
are significant regional differences in defining the transmission transfer capability. The Eastern 
Interconnection utilizes the "area interchange" transfer capability reporting basis, while in the 
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West, the "Transmission path" basis is utilized. Our research aims to develop a consistent 
definition of transmission transfer capability and a general set of procedures for its evaluation. 
Specifically, we will investigate the information requirements and the computational aspects. We 
will study the use of a real-time information network as a medium for sharing the necessary 
information with the various parties directly or indirectly involved in the transmission of 
electricity. The computation of transmission transfer capacity involves the solution of a 
constrained nonlinear optimization problem under a large number of constraints corresponding 
to various contingencies. We will study the application of nonlinear optimization techniques 
and parallel processing to the solution of this problem. 
Simulation Methods for Power Electronics Analysis 
P. T. Krein, D. Beck 
Teltrend, Inc. 
Comparisons are being made among various simulation approaches for switching power 
conversion systems. The switching nonlinearities of these systems are well-suited to piecewise 
simulation approaches, but less well-suited to conventional methods. The project compares 
SPICE-based circuit simulators and mathematical simulation methods such as MAT LAB to 
laboratory studies of converters. The objective is to learn the requirements for a simulation tool 
suitable for power electronics modelling and analysis. 
Parallel Inverters 
P. Krein, L. Pairitz 
Danfoss, Inc. 
Pulse-width-modulated inverters are experiencing growing applications for control of ac motors. 
Modern systems support motors at power levels up to about 100 kW, although the cost increases 
rapidly above 20 kW. An alternative at high power levels is to use several inverters in parallel. 
To make such an arrangement reliable, tight coordination of individual inverters is necessary. 
The project is studying coordination techniques. Both device-level and system-level approaches 
are being examined through analysis, simulation, and experimental tests. 
Nonlinear Methods for Induction Motor Control 
P. T. Krein, J. Locker, B. Truax, H. Maase 
National Science Foundation Fellowship; University of Illinois; U.S. Army CERL 
Field orientation is a widely used control method for ac induction motors. Recent results in 
nonlinear control theory, including feedback linearization and integrator backstepping, offer 
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possible alternatives for ac servo systems. Observer techniques allow high performance without 
expensive sensors. This project examines the operating performance of new motor control 
alternatives. Methods are studied analytically, through detailed simulation, and experimentally. 
A digital signal processing motor drive system has been designed and built for tests. 
Methods for Low-Voltage Power Supplies 
P. Krein, R. Saleh, L. Amaya, j. Kimball, P. Midya 
Semiconductor Research Corporation; Power Affiliates Program 
Advances in digital and analog circuits are pushing power supply levels to 3 V, 2 V, and even 
lower. These low voltages help decrease power requirements in complex circuits. Efficient 
conversion of energy at voltages below conventional logic levels is very difficult. Circuit 
arrangements and control approaches suitable for levels as low as one volt are being explored. 
Stable large-signal operating techniques are being developed to provide acceptable performance 
at low output levels. Synchronous rectifiers and related techniques are being studied for low-
voltage applications. A flexible integrated power conversion system is being prepared for 
fabrication under an MOSIS CMOS process. 
Large-Signal Approaches for Control of Switching Power Converters 
P. Krein, j. Kimball, P. Midya, R. Munzert 
Power Affiliates Program; Exchange Program with Technische Hochschule Darmstadt, Germany 
Power conversion circuits are large-signal nonlinear networks controlled exclusively through the 
action of switches. Several new approaches are being developed for power converter control. 
One approach expands on geometric methods, such as sliding mode control, used successfully 
in other nonlinear applications. In this boundary control approach, geometric structures in state 
space are used to control the evolution of converter voltages and currents. Methods such as 
boundary control offer precise, reliable converter operation with minimum influence by 
unknown parameters and external noise. 
Hybrid Electric Vehicle Systems 
P. Krein, R. White, S. Splater, C. Hidrovo 
National Renewable Energy Laboratory 
(In conjunction with the Department of Mechanical and Industrial Engineering) 
A complete hybrid electric car, combining an electric traction system with an engine-generator 
set, has been built and is now under study in the laboratory and on the highway. The car is 
designed to meet all performance, safety, and convenience characteristics of standard 
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automobiles while reducing exhaust emissions by as much as 90%. Objectives are to 
characterize major subsystems of a practical hybrid car in depth. Tests of efficiency, fuel 
economy, and emissions are being conducted. Parametric studies of subsystems are in progress. 
The data and information will assist industrial firms in the evaluation, design, and development 
of hybrid vehicle technology. 
Use of Computer Simulation for Effective Visualization of Current and Future Power System 
Operations 
T. j. Overbye, P. W. Sauer, C. M. Marzinzik, G. Gross 
Edison Electric Institute; Grainger Foundation 
The electric-utility industry is entering one of the most turbulent periods of change in its entire 
history. The current pressures of regulation and competition, combined with the rapid influx of 
new information, communication, and control technologies, make it difficult to accurately predict 
the eventual structure of the industry. However, given the complexities of the power system, 
it is important that the industry undertake a managed redesign. To accomplish this managed 
redesign, it is important to be able to communicate clearly the complex issues involved in power 
system operation, and to identify the essential operating requirements needed to maintain 
security under any restructuring alternative. In this project we are examining the use of 
computer visualization/simulation to achieve these goals. 
Convergence Characteristics of Newton-Raphson Power Flow for Stressed Power Systems with 
Significant Device limits 
T. j. Overbye, R. P. Klump 
National Science Foundation, ECS 92-09570, Power Affiliates Program 
The Newton-Raphson power flow is used as a major tool for analysis of the nonlinear power 
system loading equations, though usually with moderately loaded systems without the need to 
consider a large number of device limitations. However, future systems will be more stressed, 
and as advanced electronic control devices proliferate there will be a vast increase in the number 
of device limits that must be considered. This research is investigating the convergence 
properties of the Newton-Raphson power flow for such ·cases, with the goal of developing 
improved solution methods. 
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Analysis Methods for Real-Time Control of Dynamically Insecure Power Systems 
T. j. Overbye, R. P. Klump 
National Science Foundation, ECS 95-26 7 46 
As power systems become more heavily loaded, system operation will be increasingly 
constrained by contingent cases for which the power flow equations have ·no real solution. The 
goals of this project are to develop a measure to quantify the unsolvability of such cases and to 
determine the optimal controls to restore the case to solvability. A Euclidean norm is used in 
parameter space to measure the degree of unsolvability. The sensitivity of this measure to 
different system controls is then used to determine the best controls to restore the case to 
solvability. Both the static and dynamics aspects of the problem are considered. 
Simulation Tools for Analysis of Alternative Paradigms for the New Electricity Business 
T. j. Overbye, G. Gross, P. W. Sauer, C. M. Marzinzik, N. Mwase, Jamie Weber 
Power Affi I iates Program, E PRJ 
In the restructuring of the electric power industry, a number of alternative paradigms for the 
future industry structure are under consideration. We are developing a modular 
simulation/visualization tool to effectively analyze and evaluate the effects that these proposed 
paradigms will have on power system operations. Key research goals include methods to assess 
transmission system capacity, pricing of transmission capacity, and the development of criteria 
for an equitable and consistent comparison alternative paradigm. 
Parallel Processing in Dynamic Simulation of large-Scale Power Systems 
M.A. Pai, A. Kulkarni 
National Science Foundation, ECS 9 7-7 9428; Grainger Foundation 
Parallel processing algorithms for dynamic response calculations of large power systems with 
detailed models are being developed. The work is based on algebraizing the differential-
algebraic system of equations of the power system using the simultaneous-implicit method. 
Instead of parallelizing the LU method for solving the resulting system of linear equations at each 
time step using Newton's method, we use the conjugate gradient method. Use of 
preconditioners such as the ILU(s) speeds up the convergence. Further enhancement in speedup 
is obtained by using the preconditioner only when the number of iterations increases. The 
general minimal residual (GMRES) method suitable for matrices that are not symmetric is used. 
These methods are inherently vectorizable and parallelizable. 
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Hopf Bifurcation Analysis with FACTS Devices 
M. A. Pai, M. Laufenberg 
National Science Foundation, ECS95-22547; Grainger Foundation 
In this research, we expand upon the MATLAB based small signal analysis formulation developed 
at the University of Illinois to include FACTS devices such as the Static Var Compensator (SVC) 
and Thyristor Controlled Series Capacitor (TCSC). In particular, we wi II focus on controlling 
Hopf bifurcation through proper placement of these devices. Computation of the magnitude and 
frequency of the limit cycles using center manifold theory will be carried out. 
Dynamic Sensitivity Functions for Security Analysis In Power Systems 
M. A. Pai, M. Laufenberg 
National Science Foundation, ECS 95-22547; Grainger Foundation 
In this research we compute trajectory sensitivities of the post-fault system with respect to 
prefault loading conditions and for a given set of contingencies. From this we compute whether 
the system is stressed and, if so, identify the critical machines. Results on a 17-machine IEEE test 
system are encouraging. In view of the fast computing power available these days, sensitivity 
theory offers an alternative technique to existing techniques for security assessment and 
preventive control. 
Two Time-Scale Simulation of Power Systems 
M. A. Pai, E. Khutoryansky 
National Science Foundation, ECS 97-19428 (REU) 
In this research using the asymptotic expansion theory for the "inner" and "outer" solutions of 
a singularly perturbed two time-scale system, we systematically integrate the fast and slow 
subsystems in their respective time scales thus removing the "stiffness" of the original system. 
This is an alternative to using the integral manifold theory. The two approaches are compared 
in terms of their computational speed and convenience for simulation using the example of a 
synchronous machine subjected to a disturbance. 
Robust Stability in Power Systems 
M.A. Pai, C. D. Vournas (National Technical University, Greece) 
National Science Foundation, ECS 93-79352 
In this research we are using interval matrix theory to see if the linearized model of a power 
system is Hurwitz stable with respect to variations of the elements of the matrix in a given 
interval. The initial application has been with respect to Power System Stabilizer (PSS) parameter 
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variation which can be expressed in a matrix polytope form. Multimachine application is now 
being done with loads being taken as perturbations. 
Iterative Solvers for Fast Power System Simulation 
M. A. Pai, P. W. Sauer, lzzat Hossain 
National Science Foundation ECS 95-22547 
In this research, physically based preconditioners will be developed for fast nonlinear simulation 
of power systems using the General Minimal Residual (GMRES) iterative solver technique. It will 
be compared with the LU factorization method. Both will be developed on the MATLAB 
platform and integrated with the existing small signal stability program and the transient energy 
function program. Ultimately the idea is to develop a power system dynamics toolbox useful 
for R&D of small to medium sized systems. 
Small Signal Stability of Electric Power Systems 
M. A. Pai , University of Illinois, D. P. Sen Gupta and K. R. Padiyar, Indian Institute of Science, 
Bangalore, India 
National Science Foundation, INT-93-02565 
The purpose of this project under the Indo-U.S. Science Cooperative Program is to collaborate 
in the area of small signal analysis of large-scale power systems. Specifically, the topics to be 
addressed are the design of power system stabi I izers, investigation of torsional osci !lations, and 
computation of selected eigenvalues of the system. The ultimate goal is to pub I ish a research 
monograph in this area useful to the power engineering community. A preliminary set of lecture 
notes has been developed. 
Control of Oscillations in Power Systems 
P. W . Sauer, S. Fernandes 
Empire State Electric Energy Research Corp. 
This project is examining methods to eliminate sustained oscillations when they appear in power 
systems. An eigenvalue sensitivity approach is being tested to determine the effectiveness of 
operator controls which may eliminate oscillations. The effectiveness of discrete control actions 
such as disabling a voltage regulator is also being investigated. 
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Calibration of Data for Real-Time Control of Power Systems 
P. W . Sauer, S. Fernandes 
Department of Energy 
This project is investigating the importance of data accuracy in the real-t ime control of power 
systems. Sensitivities of static and dynamic response calculations to input data are being 
examined and related to results such as security margins, transfer capability, stability limits, and 
economic dispatch. 
The Mechanisms of Electrostatic Spraying 
R. j . Turnbull 
University of Illinois 
Electrostatic spraying is a method of producing small particles and ions. These small particles 
and ions are emitted from liquids by electrostatic forces. Three different types of electrostatic 
spraying are the emission of ions from a conical surface, the emission of particles from a conical 
surface, and the formation of drops from an electrostatically formed jet. This project is designed 
to determine the conditions that allow each of these modes to exist. The conditions that cause 
the conical surface to become unstable and the condit ions for the formation of a stable jet will 
be established. This wi II allow a calculation of the particle size produced by the electrostatic 
spraying. A wide variety of liquids from perfect insulators to good conductors will be examined. 
Solar Electric Vehicle 
R. A. White, P. T. Krein, R. j. Turnbull, A . Rockett, R. Reppa, B. Masterson, j. Kimball, N . 
Kashkari , L. Bogusch, et al. 
University of Illinois; U.S. Department of Energy; various industrial sponsors 
(In conjunction with the Department of Mechanical and Industrial Engineering) 
A solar electrical car was designed and constructed by students to compete in a cross-country 
solar car race (SunRayce 1995) held in june 1995. Mechanical engineering considerations 
include the minimization of drag coefficient, rolling resistance, and weight. Electrical 
engineering considerations include optimizing the amount of power transferred from a solar array 
to storage batteries and maximizing the efficiency of the drive motor and the inverter that 
supplies its energy. All this must be done while producing an operating vehicle that conforms 
to the rules of the competition. This project involves approximately 150 students. 
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Three-dimensional Simulation of the Magnetic Fields in a Residence 
R. L. Magin, R. j. Turnbull, P. T. Krein, A. C. Shimony 
Power Affiliates Program 
The goal of this program is to develop a software simulation for the 60 Hz magnetic fields in and 
surrounding a typical residence. Sources for these fields include household appliances, course 
wiring, and nearby power lines. The software will provide a dynamic tool for the realistic 
analysis of magnetic field distribution. 
Delivery of Electrical Energy to Railroad Freight Cars 
R. j. Turnbull 
Association of American Railroads 
To improve braking and to detect problems, it is desirable that each car in a freight train have 
a source of electrical energy available. This goal of this project is to determine all the possible 
ways this energy can be supplied and to evaluate them. More detailed studies of the most 
promising schemes will be conducted. 
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7. STUDENT PROJECTS 
This section of the report contains information on the graduate students whose major research 
efforts were supervised by faculty in the Power and Energy Systems Area. While not all of these 
students received financial aid from the Power Affiliates Program in terms of Research 
Assistantships, they were all associated with the program through the active involvement of their 
respective advisors. Those students supported by the Power Affiliates Program received 
maximum one-half time Research Assistantships for 11 months. The results of each student's 
work will be made available to all affiliate companies in the form of technical reports. The 
following students were associated with the Power and Energy Systems Area and their work is 
described in the following pages: 
Fernandes, Stephen (Ph. D.) 
Greuel, Matt (M.S.) 
Hossain, lzzat (M.S.) 
Kimball, Jonathan (M.S.) 
Klump, Ray (Ph.D.) 
Kulkarni, Ajit (Ph.D.) 
Laufenberg, Mark (Ph.D.) 
Locker, Jonathan (Ph. D.) 
Maase, Hannon (Ph. D.) 
Marzinzik, Caroline (M.S.) 
Midya, Pallab (Ph.D.) 
Mwase, Naomi (M.S.) 
Pascual, Cesar (M.S.) 
Reppa, Robert (M.S.) 
Roethemeyer, Tim (M.S.) 
Shimony, Anat (M.S.) 
Splater, Scott (M.S.) 
Tao, Shu (Ph.D.) 
Tian, Yong (M.S.) 
Tombuloglu, Burak (M.S.) 
Truax, Byron (M.S.) 
Weber, Jamie (M.S.) 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
Stephen Fernandes 
September 3, 1967 
Rourkela, India 
May 1989, Institute of Technology 
Varanasi, India 
july 1992, Oregon State University 
In progress 
Professional Interests: Control systems, power systems. 
Real-Time Control of Oscillations of Electric Power Systems 
Stephen Fernandes with advisor P. W. Sauer 
Supported by Empire State Electric Energy Research Corp. (ESEERCO) 
ABSTRACT 
This project will develop methods to provide operator assistance to suppress sustained system 
oscillations and to monitor the closeness of the system to the onset of oscillations. The proposed 
methods for suppressing system oscillations will be based on eigenvalue sensitivity techniques 
that can provide a ranking of various control options. A control's position in the ranking is based 
on its potential effectiveness in suppressing the oscillations. The information will be presented 
in a form most useful for the operator. The proposed methods to monitor the closeness of the 
system to the onset of oscillations will consider measures of closeness such as the damping of 
a critical mode and the increase in loading before oscillations occur. 
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Matt Greuel 
Date of Birth: April 5, 1972 
Place of Birth: Effingham, IL 
B.S.: December 1995, University of Illinois 
M.S.: In progress 
Professional Interest: de-de conversion. 
A Comparison of Boundary Control with Conventional 
Control Methods in DC-DC Converters 
Matt Greuel with advisor Philip T. Krein 
Supported by Sandia National Laboratory 
ABSTRACT 
Boundary control techniques use state plane analysis to derive a control law in the form of a 
switching surface. These techniques appear very promising as a purely large signal tool for 
power converter design. This project develops design techniques using boundary control and 
compares these methods to conventional control methods. In addition, the use of estimators for 
state feedback is examined. 
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lzzat Hossain 
Date of Birth: December 27, 1970 
Place of Birth: Dhaka, Bangladesh 
B.S.: May 1994, Bangladesh University of Engineering & Technology 
M.S.: In progress 
Professional Interest: Parallel computation and algorithms in power systems. 
Nonlinear Simulation of Power Systems Using Iterative Solver Techniques 
lzzat Hossain with advisor M. A. Pai and P. W. Sauer 
Supported by the National Science Foundation 
ABSTRACT 
The purpose of this research is to investigate and compare different iterative solver 
techniques in the numerical solution of differential-algebraic systems such as the power system. 
The implicit method is used and the code is developed on the MATLAB platform. In particular, 
we will investigate physically based pre-conditioners to speed up the simulation. Currently the 
code has been tested in a serial mode. 
29 
Jonathan Kimball 
Date of Birth: August 10, 1973 
Place of Birth: Pittsburgh, PA 
B.S.: May 1994, Carnegie Mellon University 
M.S.: In progress 
Professional Interest: Low-voltage power converters, solar and electric vehicle applications 
Application of Nonlinear Control Techniques in low Voltage de-de Converters 
Jonathan Kimball with advisor P. T. Krein 
Supported by Grainger Endowment and Sandia National Laboratory 
ABSTRACT 
As output voltages are reduced, standard control techniques used in typical power converters are 
inadequate to achieve high efficiency and good performance. Since de-de converters are 
inherently nonlinear, nonlinear control techniques are required. Newly developed techniques 
can be used to maximize efficiency and greatly reduce voltage ripple. Issues being explored 
include stability and practical implementation of a next generation microprocessor power supply. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
March 31, 1971 
Berwyn, IL 
Ray Klump 
May 1993, University of Illinois 
May 1995, University of Illinois 
In progress 
Professional Interests: Power systems. 
Assessment of Transmission System Capacity 
Ray Klump with advisor T. j. Overbye 
Supported by the National Science Foundation 
ABSTRACT 
The power industry is currently in the midst of a fundamental restructuring. The previous 
structure of vertically integrated utilities providing power at regulated rates is giving way to a 
more open marketplace with equal access to the transmission system for all wholesale buyers 
and sellers. Key to the development of such an open market is the abi I ity to quantify and, 
hence, price, transmission system capacity in near real time. Transmission system capacity is 
limited by a number of factors, including thermal line limits, transient stability concerns, and the 
need to maintain voltage stability. All these issues must be addressed in the computation of 
transmission system capacity. This work focuses on quantifying transmission system capacity 
from the voltage stability viewpoint. In particular, it seeks a technique for identifying the limits 
placed by voltage stability requirements on energy transactions, as well as a scheme for pricing 
such limitations. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
Current status: 
Ajit Kulkarni 
April 10, 1967 
Chicago, IL 
May 1988, Arizona State University 
january 1990, University of Illinois 
In progress 
ENTEC Consulting, Inc. 
4610 University Ave., Suite 490 
Madison, WI 53705 
Parallel Processing in Dynamic Simulation of large Scale Power Systems 
A. Kulkarni with advisor M. A. Pai 
Supported by the National Science Foundation and the Grainger Foundation 
ABSTRACT 
The focus of this research is on the use of parallel processing in power system dynamic 
simulation. Efficient use of computer hardware of the supercomputer, such as the CONVEX 
machines, and research into better numerical algorithms that are parallelizable are being 
investigated. Parallelizing the simultaneous implicit method using conjugate gradient style 
methods with suitable preconditioners has been done on the Cray Y-MP, Convex, and IBM 
RS6000 for the 10-machine 39-bus system and the IEEE-50 machine system with detailed two-
axis representation for each machine. The emphasis is on the General Minimal Residual 
(GMRES) method, which is suitable for the parallel computation in solving Ax = b, where A is 
large, sparse and nonsymmetric. The GMRES algorithm is inherently parallelizable and 
vectorizable. 
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Mark Laufenberg 
Date of Birth: March 27, 1969 
Place of Birth: Dodgeville, WI 
B.S.: May 1992, University of Illinois 
M.S.: August 1993, University of Illinois 
Ph.D.: In progress 
Professional Interests: Non I in ear systems, small signal stabi I ity analysis. 
Dynamic Sensitivity Analysis and Control of Power Systems with FACTS Devices 
Mark Laufenberg with advisor M. A. Pai 
Supported by the National Science Foundation, Power Affi I iates Program 
and the Grainger Foundation 
ABSTRACT 
Sensitivity theory as applied to a nonlinear dynamic system has been studied extensively in 
the automatic control literature both with respect to parameter variations and changes in initial 
conditions. Trajectory sensitivities, in particular, can be used in power systems to estimate 
system stability for a given contingency. They can provide an indication of the proximity of the 
state of the system to the stability boundary at the instant of fault clearing. Results on the 17-
machine IEEE test system have been obtained. The technique can be used for real-time 
computation of stress levels in heavily loaded systems for different contingencies. Another part 
of the work deals with the small signal stability of power systems with FACTS devices. The SVC 
with auxiliary controllers has been added to the University of Illinois SSSP program. We plan 
to include TCSC, STATCON and UPFC controllers and examine their effect on transfer capability, 
voltage stability and steady state stability. 
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Jonathan Locker 
Date of Birth: September 14, 1970 
Place of Birth: Peoria, IL 
B.S.: May 1992, Washington University 
M.S.: january 1995, University of Illinois 
Ph.D.: In progress 
Professional Interests: Control systems for industrial applications. 
Singular Perturbation Methods Applied to Induction Motor Control 
jonathan Locker with advisor P. T. Krein 
Supported by the U.S. Army Construction Engineering Research Laboratory 
and the Grainger Endowments 
ABSTRACT 
Advanced methods such as field-oriented control allow induction motors to be used in high-
performance applications where quick position, speed, or torque response are desired. Although 
their benefits are well-known, many of the methods are difficult to tune or simply perform poorly . 
when applied to high-quality, low-leakage motors. In some cases, this apparent contradiction 
can limit the use of induction motors for applications requiring both excellent control and high 
efficiency. 
The goal of this project is to examine the induction motor model under a variety of 
singularity assumptions and to determine suitable control algorithms for each assumption. The 
algorithms are then to be implemented on a test bench such that we may compare and contrast 
their actual operating performances. 
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Hannon Maase 
Date of Birth: june 13, 1967 
Place of Birth: Urbana, IL 
B.S.: May 1990, University of Illinois 
M.S.: january 1992, University of Illinois 
Ph.D.: In progress 
Professional Interests: Rotating machines, power electronics, power quality and applications of 
advanced control techniques to ac motor drives. 
Robust Simplified Control of ac Rotating Machines 
Hannon Maase with advisor P. T. Krein 
Supported by the U.S. Army Construction Engineering Research Laboratories 
ABSTRACT 
The objectives of this research project are to advance the fundamental knowledge and 
understanding of electromagnetic phenomena and parameter variations in inverter-fed rotating 
machines and to develop advanced control ideas that provide simplified and robust control of 
rotating machines in medium and high performance drive applications. 
The approach will include laboratory experiments, mathematical modeling and computer 
simulations for studying electronically fed rotating machines, with a focus on the inverter-fed 
induction machine. Recent results in nonlinear and adaptive control theory will be examined 
as possible alternatives for ac drives. Observer and adaptive control ideas will investigated for 
eliminating the need for expensive and/or unreliable sensors. Ideas for providing inexpensive, 
accurate and reliable position and velocity information will be developed and examined. The 
results from these efforts will then be used for the development of simplified and robust control 
techniques for medium and high performance drive applications. These advanced techniques 
will be studied analytically, through detailed computer simulation, and experimentally. 
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Date of Birth: 
Place of Birth: 
B.S. : 
M.S.: 
Current status: 
Caroline Marzinzik 
February 3, 1972 
Springfield, IL 
May 1994, University of Illinois 
january 1996, University of Illinois 
Mid-America Interconnected Network, Inc. (MAIN) 
939 Parkview Blvd. 
Lombard, IL 60148-3267 
Development of a User-Friendly Power System Simulation 
Caroline M. Marzinzik with advisor T. j. Overbye 
Supported by the Grainger Foundation 
ABSTRACT 
As power systems become increasingly complex, there is a continual challenge to provide 
improved tools for power system education . Traditionally, this training has been provided 
primarily to student engineers, system operators, and practicing engineers. However, a 
worldwide movement towards more open system access (evidenced in the United States by the 
Energy Policy Act of 1992) has created an unprecedented need to expand this pool. Now, as 
never before, there is a need for personnel without an extensive technical background to have 
at least a basic understanding of power system operation to ensure that the interactions between 
business decisions and technical constraints are considered and understood. This research 
project has developed a Windows-based simulation program to help meet this challenge. The 
simulation allows users to dynamically interact with a simulated power system through various 
windows, including a one-line diagram. The main emphases of the program are basic power 
flow in a network, how the system controls (such as generator MW/voltage setpoint, LTC 
transformers and power transactions) affect power flow, and area control concepts such as ACE, 
AGC, and economi~ dispatch. 
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Date of Birth: 
Place of Birth: 
B.S.: 
M.S.: 
Ph.D.: 
Current status: 
Pallab Midya 
january 31, 1967 
Bhilai, India 
Indian Institute of Technology, Kharagpur 
May 1990 Syracuse University 
April 1995, University of Illinois 
Motorola, Schaumburg, I L 
Nonlinear Control and Operation of de to de Switching Power Converters 
P. Midya with advisor P. T. Krein 
Supported by the Power Affiliates Program and Sorensen Company 
ABSTRACT 
Conventional control of switching power conversion is based on a linear model of the 
system, which limits its scope and performance. This thesis addresses a family of control and 
operation issues that arise from the nonlinear nature of the switching power conversion. The 
focus is on de to de power converters with a small number of states. Nonlinear noise analysis 
of conventional feedback has been performed to evaluate this important aspect of converter 
performance. Alternative schemes are developed that reduce noise susceptibility, reduce effects 
of source and load disturbances, and improve system operation. A nonlinear control scheme, 
called sensorless current mode (SCM) control, has been developed that emulates current mode 
control without current sensing. SCM has very significant advantages in dynamic range and 
noise susceptibility. Optimal control approaches to switching power conversion have been 
explored. Optimization of a nonmonotonic tuning problem has also been explored. A 
generalized tuning scheme has been developed and implemented for practical converters with 
excellent results. 
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june 3, 1966 
Ndola, Zambia 
Naomi Mwase 
january 1988, Polytechnic of the SouthBank, London 
In progress 
Professional Interests: Power systems, control systems. 
Evaluation of the Automated Interchange Matching System (AIMS) 
Naomi Mwase with advisor George Gross 
Supported by the Grainger Fellowship Foundation 
ABSTRACT 
AIMS (Automated Interchange Matching System) is a computerized hourly interchange 
matching system whose goal is to promote the maximum economic savings among all the 
participating players. This is accomplished by matching of bids to sell and offer to buy so that 
the sum of the savings for all the participants is maximized. We are evaluating the matching 
scheme from the point of view of the system, a buyer and a seller. 
Our interest is to analyze the strategic behavior of sellers and buyers under AIMS. In 
particular, we are studying the strategies used by players in formulating their bids to sell and 
offers to buy. We are investigating the truth revelation characteristics of bids/offers, the role of 
transmission availability, and bottlenecks in the matching of the bids and offers. This 
investigation will be carried out by incorporating the AIMS matching scheme in to a multiuser 
environment that permits the simultaneous submission of bids and offers. 
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Place of Birth: 
B.S.: 
M.S.: 
Cesar Pascual 
june 15, 1968 
Teruel, Spain 
December 1992, Universitat Politecnica de Catalunya (UPC), Barcelona 
In progress 
Professional Interests: Power electronics and control systems. 
Battery Charge Equalization 
Cesar Pascual with advisor P. T. Krein 
Supported by a fellowship from the Spanish savings bank "Ia Caixa" 
ABSTRACT 
Charging a set of series-connected batteries with a single charger raises their voltages but 
does not guarantee that they wi II charge evenly. Initial differences tend to grow as the process 
is repeated. Over multiple charge cycles, battery performance reduces as the charging becomes 
more uneven. Batteries with the highest voltages become overcharged while those with the 
lowest values do not charge completely. The concept of battery charge equalization arises as 
a solution to this problem, and several alternatives for doing this are examined in this work. The 
conventional solution -forcible overcharging of the entire string until the lowest batteries are 
full- damages batteries and degrades their life. The goal of the work is to equalize individual 
battery voltages without requiring reconnection of the series string or overcharging of the highest 
batteries. An example approach is a multiple-output power converter for independent charging 
of all batteries in a string. Direct applications include electric vehicles and a variety of backup 
and energy storage systems. In these cases, a good equal rzation process would extend battery 
life and increase storage reliability. 
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Date of Birth: August 1 3, 1 968 
Place of Birth: Lansing, IL 
B.S.: May 1990, United States Military Academy at West Point 
M.S.: In progress 
Professional Interests: Switching power converters, alternative energy. 
Optimization of a Maximum Power Point Tracker 
Robert Reppa with advisor R. J. Turnbull 
Supported by the Department of Energy and the Power Affiliates Program 
ABSTRACT 
The amount of power derived from a solar module depends roughly on incident radiation 
and temperature. The module terminal characteristics will operate where the load line of the 
device to which it is connected intersects the module 1-V curve. This intersection rarely matches 
the maximum power point of the module; hence, full use is not made of the available solar 
energy. A switching power converter that tracks the maximum power point of a solar module 
has been developed. This device has been optimized for efficiency and applied to the University 
of Illinois "Sunchief" solar car as a vehicle power management system. 
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Tim Roethemeyer 
Date of Birth: july 26, 1964 
Place of Birth: Nashville, IL 
B.S.: August 1993, University of Illinois 
M.S.: january 1995, University of Illinois 
Current Status: General Motors Corp., Electric Vehicle Program, Troy, MI. 
Traction Motor Control of Electric Vehicles 
T. Roethemeyer with advisor P. T. Krein 
Supported by the Hybrid Electric Vehicle Program 
ABSTRACT 
(Mr. Roethemeyer served as Electrical Student Team Leader for the College of Engineering's 
Hybrid Electric Vehicle Program.) 
This research deals with the complex control that accompanies an induction motor-based 
traction system for an electric vehicle. With recent advances in power electronics, variable 
speed induction motor drives are readily available. Only a vector-control drive can be used for 
the torque control which is required for a transportation vehicle. Primarily, de bus current 
control may be used with an ordinary speed control drive to produce a quasi-torque controller 
without the need for accurate attributes of the motor (as are necessary for proper operation of 
vector control drives). The motor can also be directly coupled to a manual transmission in 
which proper motor control during the shifting process provides quick, accurate clutchless 
shifting. 
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Anat C. Shimony 
November 1 7, 1966 
Haifa, Israel 
August 1991, Technion, I.I.T. 
May 1995, University of Illinois 
Artificial Intelligence Group, SECOM IS Lab 
7th Tachihi Bldg. 
6-1-1, Sakaemach i, Tach i kawa 
Tokyo 190, Japan 
Development of Three-Dimensional Software Simulations 
of the Magnetic Fields in a Residence and Surroundings 
Anat C. Shimony with advisors R. L. Magin, P. T. Krein and R. j. Turnbull 
Supported by the Power Affiliates Program and the Grainger Foundation 
ABSTRACT 
The goal of this project is to develop a software simulation for the three-dimensional 
visualization of 60 Hz magnetic fields in a typical residence and its surroundings. The 
simulation and display software will provide a dynamic tool for the realistic analysis of magnetic 
field distributions. For example, the simulation could be used to explore field intensities in the 
vicinity of house appliances. 
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Scott Splater 
November 24, 1971 
St. Louis, MO 
May 1993, University of Illinois 
In progress 
Professional Interests: Alternative energy, control systems, electric vehicles. 
Testing and Performance of a Practical Hybrid Electric Vehicle 
Scott Splater with advisor P. T. Krein 
Supported by the Power Affiliates Program and Teaching Assistantship 
ABSTRACT 
The University of Illinois has produced a fully operational series Hybrid Electric Vehicle 
(HEV) through the conversion of a production automobile, making it one of the first complete 
hybrid conversions. While it retains all of the passenger and trunk space of the original vehicle 
and performs comparably to many production vehicles, its true series hybrid nature makes 
significantly higher fuel mileage and lower emissions possible. It has won two national awards 
for Best Engineering Design and has been the top-performing series conversion vehicle at both 
the 1993 and 1994 Hybrid Electric Vehicle Challenge competitions; now it serves as a test bed 
for evaluation of models and analysis of design attributes for practical hybrid cars. Main topics 
of exploration include the identification and analysis of critical design factors and performance 
attributes relating to energy management in a hybrid vehicle, analysis of lead-acid battery 
maintenance issues and strategies in this setting, and determination and evaluation of detailed 
component models for all elements of a series hybrid car. Through simulation and actual road 
and lab driving tests, basic and advanced models of such ·elements and the larger systems can 
be validated. 
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Ph.D.: 
March 19, 1969 
Chagchun, China 
Shu Tao 
july 1992, Tsinghua University 
july 1995, Tsinghua University 
In progress 
Professional Interests: Power system operation and control 
Optimal Bidding Strategies in Competitive Electricity Markets 
Shu Tao with advisor George Gross 
Supported by the Grainger Fellowship 
ABSTRACT 
The U.S. electricity industry is experiencing the most dramatic changes in its history. The 
increasing importance of the competitive electricity market is the primel driver of these changes. 
We have developed a general framework for the analysis of competitive electricity markets such 
as those in the England and Wales Power Pool. Under the assumption of perfect competition, 
we derived the formulation of optimal bidding strategies. Using this framework and analytical 
results to date we are investigating the consideration of demand-side bidding in the electricity 
markets are under investigation. A second area of study is the relaxation of the perfect 
competition assumption and the study of market power concentration in the hands of a few 
players. The application of game theoretic tools will be explored. A third area is the 
incorporation of financial contracts into the strategies of bidders. In addition, this research will 
investigate the incorporation of transmission considerations and constraints in to the electricity 
markets. 
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Yong Tian 
November 16, 1974 
Sichuan, China 
May 1995, Cooper Union for the Advancement of Science and Art 
In Progress 
Professional Interests: Optimization, Computer simulation, Systems 
Simulation and Visualization of Bidding in a Competitive Electricity Market 
Yong Tian with advisor George Gross 
Supported by the Grainger Fellowship 
ABSTRACT 
The U.S. electricity power industry is rapidly being restructured. In light of the recent 
developments, any bulk power user/supplier who wishes to trade electricity can get open access 
to the transmission system. There are many proposed paradigms of the structure for the new 
competitive environment. These include the England and Wales Pool and its variants, typically 
referred to as Pool co, and bilateral contracts. Our goal is to provide a versatile platform on 
which the different paradigms can be simulated for comparative evaluation. The platform is 
comprised of three modules: a GUI module for visualization of system operations and data entry; 
a "market" engine for simulation of competitive markets; and a system operation engine to 
emulate the physical/technical considerations in power systems. A salient feature of the platform 
is the ability to give multiple users simultaneous access through the World Wide Web. In the 
first stage of the development, we are focusing on simulation of the England and Wales Power 
Pool. 
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Burak Tombuloglu 
Date of Birth: November 1 7, 1971 
Place of Birth: Milwaukee, WI 
B.S.: May 1993, University of Illinois 
M.S.: In progress 
Professional Interests: Transmission service information networks, utility communication 
infrastructure, telecommunication systems, signal and image processing. 
Electric Utilities as Telecommunications Providers 
for the National Information Infrastructure 
Burak Tombuloglu with advisor George Gross 
Supported by the Power Affiliates Program and Grainger Foundation 
ABSTRACT 
This research is a multidisciplinary look at what role an electric utility can play in the 
proposed Nil or "Information Superhighway." Electric utilities are uniquely situated as players 
in the Nil by virtue of the existing rights of way they possess as well as the extensive 
telecommunication networks they maintain. The goal of this work is to develop a strategic plan 
for an electric utility to enter into this arena and cooperate with other carriers to provide a 
unified local telecommunication network. Economic and regulatory issues are being explored 
as well as the information and architecture issues of a transmission service information network. 
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January 30, 1953 
Columbus, GA 
Byron Truax 
June 1989, Southern Illinois University 
March 1995, University of Illinois 
Cummins Engine, Columbus, IN. 
A Generic Digital Testbed for Induction Motor Controllers, with Programmable Load 
Byron Truax with advisor P. T. Krein 
Supported by the University of Illinois ECE Dept. 
ABSTRACT 
This project builds on previous work by Scott A. Ellerthorpe to provide a testbed for 
implementation and evaluation of induction motor control strategies. The testbed includes a 
microcontroller (programmable in a high-level language [C]); sensors for measurement of shaft 
position, speed, and stator voltage and current; a switching power inverter; and an RS-232 user 
interface. A programmable load simulator using a de machine has been added to the system. 
The objectives are to develop, demonstrate, and compare methods for precise dynamic control 
of induction motors, under a variety of realistic load conditions. The load simulator provides 
real-time torque to emulate almost any physical loading condition . 
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Platteville, WI 
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May 1995, University of Wisconsin-Platteville 
In progress 
Professional Interests: Simulation of power system, economics 
Simulation of Electric Power Systems 
Jamie Weber with advisor T. J. Overbye 
Supported by the Grainger Foundation and the University of Illinois Fellowship Program 
ABSTRACT 
Changes in the regulation of the electric power industry throughout the world have raised 
new questions concerning economics and engineering of the electric power system. As the 
countries begin making decisions concerning the "rules" of the new environment, ways of 
simulating and testing these environments are needed. The modeling of electricity markets 
themselves is of great interest. Simulation of a real-time power system undergoing power 
transactions between the various "players" will be a great aid to the legislators presently deciding 
on the "rules." It wi II also be helpful to the "players." 
A centerpiece of these new simulation tools will be the Optimal Power Flow (OPF) problem. 
This problem addresses both engineering and economic concerns simultaneously, therefore 
allowing "players" in the power system to make educated decisions. Work needs to be done 
in applying the solution of the OPF to the potential environments. 
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8. LABORATORY FACILITIES 
The Power Area has assembled some of the nation's finest facilities for experimental and 
computer-based research and teaching. Both undergraduate and graduate students can take 
advantage of these facilities. These laboratories have generated wide interest. They contribute 
significantly to growth in the Area. 
The Grainger Power Engineering Soft~are Laboratory was established in 1988 with funds 
from the Grainger Endowment. It is located near the office areas on the third floor of Everitt 
Laboratory. The Laboratory has three IBM RS6000s and three DEC engineering workstations. 
Four stations have full color graphics. In addition, there are four advanced personal computers. 
A laser printer serves the computers. All stations are connected to the campus network, which, 
in turn, provides access to major international networks via Internet. 
A major objective of the laboratory is to develop an extensive library of commercial software 
and large-scale data bases for power area applications. Software is based on the Unix operating 
system and on MS-DOS. Some of the commercial software packages currently in use include: 
Mathematica (an advanced symbolic mathematics package) 
ETMSP (EPRI Extended Transient Midterm Stability Program) 
ATP (Alternate electromagnetics Transients Program) 
MatrixX (system analysis software) 
SYMNON (system analysis and design software) 
IPFLOW (Interactive Power Flow) 
SSSP (Small Signal Stability Analysis) 
INSITE (Interactive Nonlinear Systems Investigative Toolkit for Everyone) 
Mat Lab 
The software library is being expanded continually. 
The Grainger Electrical Machinery Laboratory is located on the ground floor of Everitt 
Laboratory. This facility is primarily for undergraduate teaching, and is used for ECE 333, ECE 
369, and the Advanced Electric Vehicle Program. Ten self-contained machinery workstations are 
available. Each has an integral horsepower machine set, digital watt meters, oscilloscope, optical 
tachometer, torque sensor, and electronic support instruments. Transformers, resistor units, 
capacitors, SCR circuits, and power FET units are provided in support of the full range of 
experiments in all aspects of power. The facility has a dedicated 225 KVA three-phase supply 
and a 50 kw d-e rectifier bank. 
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The laboratory has generated a considerable of interest among students and other universities. 
Student participation continues to grow. The equipment allows experimental work to be more 
complete without sacrifice of hands-on experience for students. 
The Advanced Power Applications Laboratory is located adjacent to the Grainger Electrical 
Machinery Laboratory. This laboratory serves as a general research facility for all hardware 
aspects of power electronics, machines, and power systems. The lab shares motor test sets with 
the Machinery Lab. Additional equipment is available for the study of harmonic effects, high-
performance switching converters, and digitally controlled drives. This laboratory has extensive 
computer facilities, which communicate with the Grainger Power Engineering Software 
Laboratory through the building network. Current projects include harmonic effects in 
uninterruptible power systems, high-performance distributed power supplies, advanced ac motor 
controllers, and electric vehicle drives. 
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